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(54) Electrostatic ejection type ink jet head 

(57) An electrostatic ejection type ink jet head ac- 
cording to an embodiment of the present invention In- 
cludes: first drive electrodes (118) that are respectively 
provided for individual electrodes and are arranged 
closer to an insulating substrate (116) side than an ink 
flow path (130); and a second drive electrode (120) that 
is provided commonly among all of the individual elec- 



trodes and is arranged closer to a head substrate (112) 
side than the first drive electrodes. At the time of record- 
ing of an image, ink ejection/non-ejection is controlled 
by biasing the second drive electrode to a predeter- 
mined voltage level having the same polarity as a fine 
particle component contained in ink and switching the 
first drive electrodes between a high-impedance state 
and a ground level in accordance with image data. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present Invention relates to an electrostat- 
ic ejection type ink jet head that controls ejection of ink 
by means of an electrostatic force. 

2. Description of the Prior Art 

[0002] In an electrostatic ejection type ink jet record- 
ing system, ink containing a charged fine particle com- 
ponent is used and a predetermined voltage is applied 
to each individual electrode of an Inkjet head in accord- 
ance with image data, thereby controlling ejection of the 
ink by means of an electrostatic force and recording an 
image corresponding to the image data on a recording 
medium. As a recording apparatus adopting this elec- 
trostatic ejection type ink jet recording system, an Inkjet 
recording apparatus disclosed In JP 10-230608 A is 
known, for instance. 

[0003] FIG. 21 is an example of a conceptual diagram 
showing a schematic construction of an ink jet head of 
the ink jet recording apparatus disclosed in the above 
patent document. In this drawing, an ink jet head 350 is 
shown as the ink jet head of the disclosed ink jet head 
recording apparatus, with only one of individual elec- 
trodes constituting the ink jet head being conceptually 
illustrated. Also, the ink jet head 350 includes a head 
substrate 312, an ink guide 314, an insulating substrate 
31 6, a drive electrode 352, and a counter electrode 322. 
[0004] Here, the ink guide 314 Is arranged on the 
head substrate 312, and a slit serving as an ink guide 
groove 326 is formed in the center portion of the ink 
guide 31 4 in the top-bottom direction on the paper plane 
of this drawing. Also, in the insulating substrate 31 6, a 
through hole 328 is established at a position corre- 
sponding to an arrangement of the ink guide 314. The 
ink guide 314 is allowed to pass through the through 
hole 328 established in the insulating substrate 316 so 
that the tip portion thereof protrudes above the upper 
surface of the insulating substrate 316 in the drawing. 
[0005] Also, the drive electrode 352 has a ring shape 
and is provided for each individual electrode on the up- 
per surface of the insulating substrate 31 6 in the drawing 
so as to surround the periphery of the through hole 328 
established in the insulating substrate 316. Further, the 
head substrate 31 2 and the insulating substrate 31 6 are 
arranged with a predetermined space therebetween, 
and an ink flow path 330 is formed between the sub- 
strates 312 and 316. Also, the counter electrode 322 is 
arranged at a position opposing the tip portion of the ink 
guide 314 and a recording medium P is placed on the 
lower surface of the counter electrode 322 in the draw- 
ing. 

[0006] Also, FIG. 22 is an example of a conceptual 



construction diagram of a drive circuit for the drive elec- 
trode. 

[0007] The drive circuit 354 in this drawing includes 
an FET (field-effect transistor) 334 and resistive eie- 
5 ments 336 and 338. A drain of the FET 334 is connected 
to the drive electrode 352, a source of it is connected to 
ground level, and a gate of it receives input of a control 
signal. Also, the resistive element 336 is connected be- 
tween a high-voltage power supply and the drive elec- 
ta trode 352, while the resistive element 338 is connected 
between the control signal and the ground level. 
[0008] In the drive circuit 354, the control signal is 
changed between high level and low level in accordance 
with image data. When the control signal is set to the 
is high level, the FET 334 is turned on and the drive elec- 
trode 352 becomes the ground level. On the other hand, 
when the control signal is set to the low level, the FET 
334 is turned off and the drive electrode 352 becomes 
the high-voltage level of the high-voltage power supply, 
20 That is, the drive electrode 352 is frequently switched 
between the ground level and the high-voltage level in 
accordance with the image data. 
[0009] At the time of recording, ink containing a fine 
particle component and charged to the same polarity as 
25 the high-voltage level applied to the drive electrode 352 
is circulated in a direction from the right to the left in FIG. 
18. 

[0010] When the drive electrode 352 is set as the 
ground level, the electric field strength in proximity to 

30 the tip portion of the inkguide314is reduced, and there- 
fore, the ink will not fly out from the tip portion of the ink 
guide 314. In that case, a part of the ink moves upward 
along the ink guide groove 326 formed in the Ink guide 
314 dueto capillary action until above the upper surface 

35 of the insulating substrate 31 6 in the drawing. 

[0011] On the other hand, when the high-voltage level 
Is applied to the drive electrode 352, the ink that moved 
upward along the ink guide groove 326 of the ink guide 
314 until above the upper surface of the insulating sub- 

40 strate 31 6 in the drawing flies out from the tip portion of 
the ink guide 314 due to a repulsion force. The ink is 
then attracted to the counter electrode 322 biased to a 
negative voltage level and adheres onto the recording 
medium P. 

45 [001 2] The ink jet head 350 and the recording medium 
P placed on the counter electrode 322 are relatively 
moved during this operation, thereby recording an im- 
age corresponding to the image data on the recording 
medium P. 

so [0013] By the way, when a recording apparatus is re- 
quired to perform high-definition recording at high 
speed, a line head that is capable of recording one line 
of an image at a time inevitably becomes necessary. 
When the definition and recording speed of the record - 

55 ing apparatus are respectively 1 200 dpi (dot/inch) and 
60 ppm (page/minute), for instance, a line head that is 
capable of recording an image on a recording medium 
having a width of 1 0 inch needs to include many individ- 
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ual electrodes, whose number is 12000 that is equal to 
the number of pixels on one line, and drive circuits 
whose number is equal to the number of the individual 
electrodes to be driven. 

[0014] In this case, the individual electrodes and the 
drive circuits need to be implemented in the line head 
at a physically extremely high density with reference to 
the line direction. The drive circuits use high voltage 
(around 600 V, for instance), so that when the individual 
electrodes and the drive circuits are arranged at a high 
density, a danger of discharge is increased. Accordingly, 
it Is extremely difficult to cope with both high-density im- 
plementation and high-voltage operation. 
[0015] Also, In the drive circuits described above, if it 
is assumed that current of 1 mA flows to each individual 
electrode, the total current flowing to the 1 2000 individ- 
ual electrodes becomes up to 12 A. Accordingly, when 
switching to high voltage of 600 V is performed, the pow- 
er consumption becomes 7.2 kW. Even if an efficiency 
of the high-voltage power supply is assumed 100%, a 
power source of AC 200 V and 36 A is required. Even 
in that case, only the recording of a monochrome image 
on an A4-size recording medium is possible, which 
means that such a system is too much unrealistic. 
[0016] When a FET is used to perform the switching 
like the drive circuit described above, it is principally re- 
quired to flow a certain current to the FET in order to 
maintain switching speed, in contrast to this, the drive 
electrode is so minute ring-shaped electrode that the 
amount of a current consumed by ink ejection itself is 
around 50 nA at most and is extremely small. That is, 
most ofthecurrentsuppiiedfrom the high-voltage power 
suppiy is consumed by the switching of the FET 

SUMMARY OF THE INVENTION 

[0017] The present invention has been made in order 
to solve the above problems in the prior art, and an ob- 
ject thereof is to provide an electrostatic ejection type 
Inkjet head that is capable of performing high-definition 
recording at high speed without increasing power con- 
sumption. 

[0018] Another object of the present invention also is 
to provide an electrostatic ejection type ink jet head that 
is capable of performing smooth circulation of ink 
through an ink flow path in proximity to an ink guide. 
[0019] In order to attention the object described 
above, the invention provides an electrostatic ejection 
type ink jet head that uses ink containing a charged fine 
particle component, controls ejection/non-ejection of 
the ink by means of an electrostatic force by applying a 
predetermined voltage to individual electrodes in ac- 
cordance with image data, and records an image corre- 
sponding to the image data on a recording medium, the 
electrostatic ejection type ink jet head comprising a 
head substrate, first drive electrodes provided for each 
of the individual electrodes, a second drive electrode 
provided commonly among ail of the individual elec- 



trodes, ink guides arranged on the head substrate for 
each of the individual electrodes, and an Insulating sub- 
strate in which through holes are established for each 
of the individual electrodes at a position corresponding 

5 to an arrangement of the ink guides, wherein the head 
substrate and the insulating substrate are arranged with 
a predetermined space therebetween, a flow path of the 
ink is formed between the head substrate and the insu- 
lating substrate, the ink guides are passed through the 

10 through holes established in the insulating substrate, tip 
portion of the ink guides are protruded above a surface 
of the insulating substrate on a recording medium side, 
the first drive electrodes are arranged closer to the in- 
sulating substrate side than the flow path of the ink, and 

is the second drive electrode is arranged closer to the 
head substrate side than the first drive electrodes, and 
at the time of recording of the image, ejection/non -ejec- 
tion of the ink is controlled by biasing the second drive 
electrode to a predetermined voltage level having the 

20 same polarity as the fine particle component contained 
in the ink and switching the first drive electrodes be- 
tween a high-impedance state and a ground level in ac- 
cordance with the image data. 

[0020] Also, in order to attain the object described 

25 above, the invention provides an electrostatic ejection 
type Inkjet head that uses ink containing a charged fine 
particle component, controls ejection/non-ejection of 
the ink by means of an electrostatic force by applying a 
predetermined voltage to a plurality of individual eiec- 

30 trodes arranged in a two-dimensional manner with ref- 
erence to a first direction and a second direction In ac- 
cordance with image data, and records an image corre- 
sponding to the image data on a recording medium, the 
electrostatic ejection type ink jet head comprising a 

35 head substrate, first drive electrodes and second drive 
electrodes provided for each of the individual eiectrodes 
to form a two-layered electrode structure, ink guides ar- 
ranged on the head substrate for each of the individual 
electrodes, and an insulating substrate in which through 

40 holes are established for each of the individual eiec- 
trodes at a position corresponding to an arrangement of 
the ink guide, wherein the head substrate and the insu- 
lating substrate are arranged with a predetermined 
space therebetween, a fiow path of the ink is formed be- 

45 tween the head substrate and the insulating substrate, 
the ink guides are passed through the through holes es- 
tablished in the insulating substrate, tip portion of the 
ink guides are protruded above a surface of the insulat- 
ing substrate on a recording medium side, the first drive 

so electrodes are arranged closer to the insulating sub- 
strate side than the flow path of the ink, the second drive 
eiectrodes are arranged closer to the head substrate 
than the first drive electrodes, the first drive electrodes 
on each line of the plurality of individual electrodes ar- 

55 ranged in the first direction are connected mutually, and 
the second drive electrodes on each line of the plurality 
of individual electrodes arranged in the second direction 
are connected mutually, and wherein the ejection/non- 
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ejection of the ink at the time of recording of the image 
is controlled by sequentially repeating one of an opera- 
tion (i) in which the second drive electrodes on all lines 
of the individual electrodes in the second direction are 
set to a high voltage level or a ground level in accord- 5 
ance with the image data under a state where the first 
drive electrodes on one line of the individual electrodes 
in the first direction are set under a high-impedance 
state and the first drive electrodes on ail remaining lines 
of the individual electrodes in the first direction are set 
to a ground level while sequentially changing the first 
drive electrodes on the line of the Individual electrodes 
in the first direction that are set under the high-imped- 
ance state, and an operation (ii) in which the first drive 
electrodes on all lines of the individual electrodes in the 
first direction are set to a high-voitage level or the 
ground level in accordance with the image data under 
a state where the second drive electrodes on one line 
of the individual electrodes in the second direction are 
set under the high-impedance state and the second 
drive electrodes on all remaining lines of the individual 
electrodes in the second direction are set to the ground 
level while sequentially changing the second drive elec- 
trodes on the line of the individual electrodes in the sec- 
ond direction that are set under the high-impedance 
state. 

[0021] Also, in order to attain the object described 
above, the invention provides an electrostatic ejection 
type ink jet head that uses ink containing a charged fine 
particle component, controls ejection/non-ejection of 
the ink by means of an electrostatic force by applying a 
predetermined voltage to a plurality of individual elec- 
trodes arranged in a two-dimensional manner with ref- 
erence to a first direction and a second direction in ac- 
cordance with image data, and records an image corre- 
sponding to the image data on a recording medium, the 
electrostatic ejection type ink jet head comprising a 
head substrate, first drive electrodes and second drive 
electrodes each provided for each of the individual elec- 
trodes to form a two-layered electrode structure, ink 
guides arranged on the head substrate for each of the 
individual electrodes, and an insulating substrate in 
which through holes are established for each of the in- 
dividual electrodes at a position corresponding to an ar- 
rangement of the ink guide, wherein the head substrate 
and the insulating substrate are arranged with a prede- 
termined space therebetween, a flow path of the ink is 
formed between the head substrate and the insulating 
substrate, the ink guides are passed through the 
through holes established in the Insulating substrate, tip 
portion of the ink guides are protruded above a surface 
of the insulating substrate on a recording medium side, 
the first drive electrodes are arranged closer to the in- 
sulating substrate than the flow path of the Ink, the sec- 
ond drive electrodes are arranged closer to the head 
substrate side than the first drive electrodes, the first 
drive electrodes on each line of the plurality of individual 
electrodes-arranged in the first direction are connected 



mutually, and the second drive electrodes on each line 
of the plurality of individual electrodes arranged in the 
second direction are connected mutually, and ejection/ 
non-ejection of the ink at the time of recording of the 
image is controlled by sequentially repeating one of an 
operation (i) in which the second drive electrodes on . all 
lines of the Individual electrodes in the second direction 
are turned on or off in accordance with the image data 
under a state where the first drive electrodes on one line 
of the individual electrodes in the first direction are 
turned on and the first drive electrodes on all remaining 
lines of the individual electrodes in the first direction are 
turned off while sequentially changing the first drive 
electrodes on the line of the individual electrodes in the 
first direction that are turned on, and an operation (ii) in 
which the first drive electrodes on all lines of the individ- 
ual electrodes in the first direction are turned on or off 
in accordance with the image data under a state where 
the second drive electrodes on one line of the individual 
electrodes in the second direction are turned on and the 
second drive electrodes on all remaining lines of the in- 
dividual eiectrodes in the second direction are turned off 
while sequentially changing the second drive electrodes 
on the line of the individual electrodes in the second di- 
rection that are turned on, with the operation (i) being 
performed under a state where the individual electrodes 
are arranged so that the number of lines of the individual 
electrodes in the second direction is larger than the 
number of lines thereof in the first direction and the op- 
eration (ii) being performed under a state where the in- 
dividual electrodes are arranged so that the number of 
lines in the first direction is larger than a number of lines 
in the second direction. 

[0022] Also, in order to attain the object described 
above, the invention provides an electrostatic ejection 
type Inkjet head that uses ink containing a charged fine 
particle component, controls ejection/non-ejection of 
the Ink by means of an electrostatic force by applying a 
predetermined voltage to a plurality of individual elec- 
trodes arranged In a two-dimensional manner with ref- 
erence to a first direction and a second direction In ac- 
cordance with image data, and records an image corre- 
sponding to the Image data on a recording medium, the 
electrostatic ejection type ink jet head comprising a 
head substrate, first drive electrodes and second drive 
electrodes each provided for each of the individual eiec- 
trodes to form a two-layered electrode structure, ink 
guides arranged on the head substrate for each of the 
individual electrodes, and an insulating substrate in 
which through holes are established for each of the in- 
dividual electrodes at a position corresponding to an ar- 
rangement of the ink guide, wherein the head substrate 
and the insulating substrate are arranged with a prede- 
termined space therebetween, a flow path of the ink is 
formed between the head substrate and the insulating 
substrate, the ink guides are passed through the 
through holes established in the insulating substrate, tip 
portion of the ink guides are protruded above a surface 
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of the insulating substrate on a recording medium side, 
the first drive electrodes are arranged closer to the in- 
sulating substrate than the flow path of the ink, the sec- 
ond drive electrodes are arranged closer to the head 
substrate side than the first drive electrodes, the first 
drive electrodes on each line of the plurality of individual 
electrodes arranged In the first direction are connected 
mutually, the second drive electrodes on the line of the 
plurality of individual electrodes arranged in the second 
direction are connected mutually, and the lines of the 
individual electrodes in the first direction are divided into 
a plurality of groups that each group contains at least 
one line, and ejection/non-ejection of the ink at the time 
of recording of the image is controlled by simultaneously 
forthe plurality of groups and sequentially repeating one 
of an operation (i) in which the second drive electrodes 
on all lines of the individual electrodes in the second di- 
rection are turned on or off in accordance with the image 
data under a state where the first drive electrodes on 
one line of the individual electrodes in the first direction 
are turned on and the first drive electrodes on all remain- 
ing lines of the individual electrodes in the first direction 
are turned off while sequentially changing the first drive 
electrodes on the line of the individual electrodes in the 
first direction that are turned on, and an operation (ii) in 
which the first drive electrodes on all lines of the individ- 
ual electrodes In the first direction are turned on or off 
in accordance with the image data under a state where 
the second drive electrodes on one line of the Individual 
electrodes in the second direction are turned on and the 
second drive electrodes on all remaining lines of the in- 
dividual electrodes in the second direction are turned off 
while sequentially changing the second drive electrodes 
on the line of the individual electrodes in the second di- 
rection that are turned on. 

[0023] Also, in order to attain another object de- 
scribed above, the invention provides an electrostatic 
ejection type ink jet head that performs recording by 
ejecting ink containing charged fine particles by means 
of an electrostatic force, comprising a head substrate, 
an insulating substrate arranged so as to be spaced 
from the head substrate by a certain distance and forms 
an ink flow path in a space with the head substrate, an 
ink guide arranged on the head substrate so that tip por- 
tion thereof protrudes from a through hole established 
in the insulating substrate, and guides the ink flowing 
through the ink flow path from the ink flow path to the tip 
portion, a drive electrode provided for a part of an inner 
wall of the ink flow path side of the insulating substrate 
in proximity to the ink guide so as to surround a periph- 
ery of the ink guide, and is used to eject the ink guided 
to the tip portion of the ink guide by means of the elec- 
trostatic force, and a coating film coating the drive elec- 
trode and smoothing the inner wall of the ink flow path 
side. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Preferred embodiments of the present inven- 
tion will be described in detail based on the following 
5 figures, wherein: 

FIGS. 1 A and 1 Bare respectively a conceptual con- 
struction diagram and a schematic perspective view 
of an electrostatic ejection type ink jet head accord- 
ing to a embodiment of the present invention; 
FIG. 2 is a conceptual construction diagram show- 
ing an arrangement of drive electrodes in the elec- 
trostatic ejection type Inkjet head according to the 
embodiment of the present invention; 
FIGS. 3A, 3B, 3C, and 3D are conceptual diagrams 
showing variations of arrangements of a first drive 
electrode, a second drive electrode, and an electro- 
phoretic electrode of the electrostatic ejection type 
ink jet head according to the embodiment of the 
present invention; 

FIG. 4 is a conceptual construction diagram of a 
drive circuit for the first drive electrode of the elec- 
trostatic ejection type ink jet head according to the 
embodiment of the present invention; 
FIG. 5A is a conceptual diagram showing a state at 
the time of ink non-ejection of the electrostatic ejec- 
tion type ink jet head according to the embodiment 
of the present invention; 

FIG. 5B is a conceptual diagram showing a state at 
the time of ink ejection of the electrostatic ejection 
type ink jet head according to the embodiment of 
the present Invention; 

FIGS. 6A and 6B are conceptual construction dia- 
grams of the electrostatic ejection type Inkjet head 
according to another embodiment of the present in- 
vention; 

FIG. 7 is a conceptual construction diagram of the 
electrostatic ejection type ink jet head according to 
the embodiment of the present invention with which 
an ink ejection experiment was conducted; 
FIG. 8A is an example of a conceptual construction 
diagram of the electrostatic ejection type ink jet 
head; 

FIG. 8B is an example of a conceptual construction 
diagram of a conventional electrostatic ejection 
type ink jet head; 

FIG. 9A is a graph showing a relationship between 
an electric field strength and a distance of the elec- 
trostatic ejection type ink jet head according to the 
embodiment of the present invention; 
FIG. 9B is an example of a graph showing a rela- 
tionship between an electric field strength and a dis- 
tance of the conventional electrostatic ejection type 
ink jet head; 

FIGS. 10A and 10B are respectively a conceptual 
construction diagram and a schematic perspective 
view of the electrostatic ejection type ink jet head 
according to further another embodiment of the 
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present invention; 

FIG. 11 is a conceptual diagram showing an ar- 
rangement of first drive electrodes and second drive 
electrodes used in the embodiment of the present 
invention; 5 
FIG, 12 is a conceptual diagram showing an ar- 
rangement of individual electrodes used in the em- 
bodiment of the present invention; 
FIG. 13 is a conceptual block diagram showing a 
construction of a drive circuit for the drive electrodes 1 o 
used in the embodiment of the present invention; 
FIG. 14 is a conceptual construction diagram of a 
row driver used In the embodiment of the present 
invention; 

FIG. 15A is a conceptual diagram showing a state 1* 
at the time of ink non-ejection of the electrostatic 
ejection type ink jet head according to the embodi- 
ment of the present invention; 
FIG. 15B is a conceptual diagram showing a state 
atthetime of ink ejection of the electrostatic ejection 20 
type ink jet head according to the embodiment of 
the present invention; 

FIG. 1 6A is an embodiment of a conceptual diagram 
showing a state where rows of the first drive elec- 
trodes are not divided into groups; 25 
FIG. 1 6B is an embodiment of a conceptual diagram 
showing a state where the rows of the first drive 
electrodes are divided into two groups; 
FIG. 1 6C is an embodiment of aconceptuai diagram 
showing a state where the rows of the first drive 30 
electrodes are divided into four groups; 
FIG. 1 7 is a conceptual construction diagram show- 
ing an arrangement of guard electrodes used in the 
embodiment of the present invention; 
FIGS. 18A and 18B are respectively a conceptual 35 
construction diagram and a schematic perspective 
view of an electrostatic ejection type ink jet head 
according to the embodiment of the present inven- 
tion; 

FIG, 1 9 is a conceptual construction diagram of an 40 
electrostatic ejection type Inkjet head according to 
a modification of the embodiment of the present in- 
vention; 

FIG. 20 is a conceptual construction diagram of an 
electrostatic ejection type ink jet head according to 45 
another modification of the embodiment of the 
present invention; 

FIG. 21 is an example of a conceptual construction 
diagram of the conventional electrostatic ejection 
type ink jet head; and so 
FIG. 22 is an example of a conceptual construction 
diagram of a drive circuit for an individual electrode 
of the conventional electrostatic ejection type ink jet 
head. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Hereinafter, an electrostatic ejection type ink 
jet head according to the present invention will now be 
described in detail based on referred embodiments 
shown In the accompanying drawings. 
[0026] FIGS. 1 A and 1 B are respectively a conceptual 
construction diagram and a schematic perspective view 
of an electrostatic ejection type ink jet head according 
to an embodiment of the present invention. The electro- 
static ejection type Inkjet head 1 1 0 shown in those draw- 
ings records an image corresponding to image data on 
a recording medium P by ejecting ink containing a 
charged fine particle component, such as a pigment, by 
means of an electrostatic force. The electrostatic ejec- 
tion type ink jet head 110 includes a head substrate 112, 
an ink guide 114, an insulating substrate 116, a first drive 
electrode 118, a second drive electrode 120, and a 
counter electrode 122. 

[0027] It should be noted here that in FIGS. 1A and 
1 B, only one of individual electrodes constituting the ink 
jet head 110 is conceptually illustrated. The number of 
the individual electrodes is not specifically limited so 
long as at least one individual electrode is used, and the 
physical arrangement and the like of the individual elec- 
trode are not specifically limited. For instance, It is also 
possible to construct a line head by arranging multiple 
individual electrodes in a one-dimensional or two-di- 
mensional manner. Also, the ink jet head of this embod- 
iment Is ready for both of monochrome recording and 
coior recording. 

[0028] In the ink jet head 1 1 0 of the illustrated exam- 
ple, the ink guide 11 4 is arranged on the head substrate 
112 for each individual electrode, and a slit serving as 
an ink guide groove 1 26 is formed in a center portion of 
the ink guide 114 in a top-bottom direction on the paper 
plane of the drawings. Also, in the insulating substrate 
116, a through hole 128 is established at a position cor- 
responding to the arrangement of the ink guide 1 1 4. The 
ink guide 114 passes through the through hole 128 es- 
tablished in the insulating substrate 1 16 so that the tip 
portion thereof protrudes above the upper surface of the 
insulating substrate 116 in the drawing. 
[0029] It should be noted here that the tip portion of 
the ink guide 114 is formed to an approximately triangu- 
lar shape (or a trapezoidal shape) that is gradually nar- 
rowed toward the counter electrode 122 side, and a met- 
al is evaporated onto the extreme tip portion thereof 
from which the ink is to be ejected. Although this metal 
evaporation is not indispensable but preferable because 
the dielectric constant in the extreme tip portion of the 
ink guide 114 becomes substantially infinite and there 
is produced an effect that it becomes easy to cause a 
strong electric field. Note that the shape of the ink guide 
114 may be changed as appropriate. 
[0030] The head substrate 1 1 2 and the insulating sub- 
strate 116 are arranged with a predetermined space 
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therebetween, and an ink flow path 130 is formed be- 
tween the substrates 112 and 116. Also, the counter 
electrode 122 is arranged at a position opposing the tip 
portion of the ink guide 114, and a recording medium P 
is placed on the lower surface of the counter electrode 
1 22 in the drawing. At the time of recording, the counter 
electrode 1 22 is constantly biased to a negative voltage 
level having an opposite polarity of the high voltage ap- 
plied to the second drive electrode 120. 
[0031] Also, the first drive electrode 118 has a ring 
shape and is provided for each individual electrode on 
the upper surface of the insulating substrate 116 in the 
drawing so as to surround the periphery of the through 
hole 128 established in the insulating substrate 116. 
Further, the second drive electrode 120 has a sheet 
shape and is provided commonly among all individual 
electrodes on the lower surface of the insulating sub- 
strate 1 1 6 in the drawing except for each region in which 
the through hole 128 has been established In the insu- 
lating substrate 116, and is constantly biased to a high 
voltage level at the time of recording. 
[0032] When the ink jet head 110 includes 15 individ- 
ual electrodes as shown in FIG. 2, for instance, three 
rows of the individual electrodes are formed with each 
row including five individual electrodes. In the ink jet 
head 110, ink ejection/non-ejection is controlled by the 
first drive electrodes 1 1 8 and the second drive electrode 
1 20. Note that in the ink jet head 1 1 0 of this embodiment, 
a two-layered electrode structure formed by the first 
drive electrodes 1 1 8 and the second drive electrode 1 20 
is used, but the present invention is not limited to this, 
and the drive electrodes having any other electrode 
structure of so long as at least two layers may be used. 
[0033] Next, arrangements of the first drive electrodes 
118 and the second drive electrode 120 will be de- 
scribed. 

[0034] The first drive electrodes 118 need to be ar- 
ranged closer to the insulating substrate 116 side than 
the ink flow path 130. Also, the second drive electrode 
120 needs to be arranged closer to the head substrate 
112 side than the first drive electrodes 118. When the 
first drive electrodes 118 are arranged on the upper sur- 
face of the insulating substrate 116 in the drawing, for 
instance, there may be adopted arrangement shown in 
FIG. 3A in which the second drive electrode 120 is ar- 
ranged on the lower surface side of the insulating sub- 
strate 11 6 in the drawing or arrangement shown in FIG. 
3B in which the second drive electrode 120 is arranged 
inside of the head substrate 112. 
[0035] Also, there may be provided, commonly 
among all individual electrodes, an electrophoretic elec- 
trode that has a sheet shape and is biased to a voltage 
level having the same polarity as the fine particle com- 
ponent contained in the ink and energizes the fine par- 
ticle component toward the insulating substrate 116 side 
at the time of image recording. This electrophoretic elec- 
trode needs to be arranged closer to the head substrate 
1 12 side than the ink flow path 130. Also, it is preferable 



that the electrophoretic electrode is arranged on the up- 
stream side of the ink flow path 130 with reference to 
the position of the individual electrode. With this elec- 
trophoretic electrode, it becomes possible to maintain 

5 the fine particle component contained in ejected ink at 
a predetermined concentration. 
[0036] When the electrophoretic electrode is provided 
under a state where the first drive electrode 1 1 8 and the 
second drive electrode 120 are arranged in the manner 

10 shown in FIG. 3A, the electrophoretic electrode 124may 
be arranged inside of the head substrate 112 as shown 
in FIG. 3C. Also, when the first drive electrode 118 and 
the second drive electrode 1 20 are arranged in the man- 
ner shown in FIG. 3B, the electrophoretic electrode 124 

15 may be arranged inside of the head substrate 112 on 
the upstream side of the ink path flow 1 30 with reference 
to the position of the individual electrode as shown in 
FIG 3D. 

[0037] It should be noted here that the arrangement 
20 of the first drive electrode 118, the second drive elec- 
trode 120, and the electrophoretic electrode 124 is not 
specifically limited so long as the mutual positional re- 
lationships described above are satisfied. For instance, 
the first drive electrode 118 and the second drive elec- 
ts trode 1 20 may be arranged on the upper surface and 
the lower surface of the insulating substrate 11 6 in the 
drawing, or both or either of the electrodes 1 1 8 and 1 20 
may be arranged inside of the insulating substrate 116. 
Also, the second drive electrode 120 and the electro- 
30 phoretlc electrode 124 may be arranged on the upper 
surface or the lower surface of the head substrate 112 
in the drawing or be arranged inside thereof. 
[0038] Next, a drive circuit for the first drive electrode 
118 shown in FIGS. 1A and 1B will be described, 
35 [0039] FIG. 4 is an embodiment of a conceptual con- 
struction diagram of the drive circuit for the first drive 
electrode. 

[0040] The drive circuit 132 shown in this drawing in- 
cludes an open-drain type FET (field-effect transistor) 

40 134 and a resistive element 138. The drain of the FET 
134 is connected to the first drive electrode 118, the 
source of it is connected to the ground, and the gate of 
it receives input of a control signal. Also, the resistive 
element 138 is connected between the control signal 

45 and the ground. 

[0041] In the drive circuit 132, the control signal is 
changed between the high level and the low level in ac- 
cordance with image data. When the control signal is 
set to the high level, the FET 134 is turned on and the 

so fjrst drive electrode 118 becomes the ground level. On 
the other hand, when the control signal is set to the low 
level, the FET 134 is turned off and the first drive elec- 
trode 118 is placed under a high-impedance (floating) 
state. That is, the first drive electrode 118 is switched 

55 between the ground level and the high-impedance state 
in accordance with the image data. 
[0042] It should be noted here that the drive circuit is 
not limited to the construction of the illustrated example, 
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and any other circuit construction may be used so long 
as it is possible to switch the potential of the first drive 
electrode 118 between the ground level and the high- 
impedance state. Also, in this embodiment, the FET 1 34 
is used as a switching element, but the present invention 
is not limited to this, and any other conventionally known 
switching element such as a bipolar transistor may be 
used. 

[0043] Next, an operation of the ink jet head 110 of 
this embodiment will be described. 
[0044] In the ink jet head 1 1 0 of the illustrated exam- 
ple, ink containing a fine particle component, such as a 
pigment, and charged to the same polarity as the high- 
voltage level applied to the second drive electrode 120 
is circulated by a not-shown pump or the like inside of 
the ink flow path 130 in a direction from the right to the 
left in FIGS. 1 A and 1B at the time of recording. 
[0045] As shown in FIG. 5A, in a case that the second 
drive electrode 120 is constantly biased to 600 V, for 
instance, the electric field strength in proximity to the tip 
portion of the ink guide 114 is low when the first drive 
electrode 118 is set to the ground level, so that the ink 
does not fly out from the tip portion of the ink guide 114. 
In this case, a part of the ink moves upward along the 
ink guide groove 126 formed in the ink guide 114 due to 
capillary action until above the lower surface of the in- 
sulating substrate 116 in the drawing. 
[0046] On the other hand, when the first drive elec- 
trode 1 1 8 is set to the high impedance as shown in FIG. 
5B, the electric field strength in proximity to the tip por- 
tion of the ink guide 114 is increased. At that time the 
ink which moved upward along the ink guide groove 1 26 
of the ink guide 114 until above the lower surface of the 
insulating substrate 116 in FIGS. 1A and 1B flies out 
from the tip portion of the ink guide 114 due to a repul- 
sion force. The ink is then attracted to the counter elec- 
trode 122 that is biased to -1 .5 kV or the like, and ad- 
heres onto the recording medium P. 
[0047] In other words, the high voltage constantly ap- 
plied to the second drive electrode 120 needs to be set 
to a voltage with which when the first drive electrode 1 1 8 
is placed under a ground level state, the electric field 
strength in the tip portion of the ink guide 114 becomes 
an electric field strength with which the ink will not fly 
out (non-ejection)from the tip portion of the ink guide 
1 1 4, and when the first drive electrode 1 1 8 is placed un- 
der the high-impedance state, the electric field strength 
in the tip portion becomes an electric field strength with 
which the ink will fly out (ejection) from the tip portion of 
the ink guide 114. 

[0048] The ink jet head 1 1 0 and the recording medium 
P placed on the counter electrode 122 are relatively 
moved during the operation described above, thereby 
recording an image corresponding to the image data on 
the recording medium P. 

[0049] In the ink jet head 110 of this embodiment, 
switching to the high voltage is not performed by the FET 
134 at the time of recording, so that there will never be 



consumed a large electric power by the switching of the 
FET 1 34. Accordingly, even in an ink jet head that is re- 
quired to perform high-definition recording at high 
speed, it becomes possible to significantly reduce pow- 
s er consumption. Also, even when the individual elec- 
trodes and the drive circuit are implemented at a phys- 
ically extremely high density, there is almost no danger 
that discharge may occur, so that it becomes possible 
to cope with both the high-density implementation and 
the high-voltage operation with safety. 
[0050] It should be noted here that a two-layered elec- 
trode structure was described in the above embodiment, 
but three or more-layered electrode structure may be 
used as described above. For instance, as shown in 
FIG. 6A, a second insulating substrate 140 that is the 
same as the insulating substrate 116 may be provided 
on the upper surface of the first drive electrode 118 in 
the drawing, and a third drive electrode 142 may also 
be provided commonly in a sheet shape among all indi- 
vidual electrodes on the upper surface of the second in- 
sulating substrate 1 40 in the drawing. To this third drive 
electrode 142, a negative voltage level (around -100 V, 
for instance) is constantly applied at the time of record- 
ing. Note that the third drive electrode 142 may be ar- 
ranged closer to the recording medium P side than the 
first drive electrode 11 8. 

[0051] With this construction, it becomes easy to gen- 
erate an electric field with which the ink will not fly out 
from the tip portion of the ink guide 114. Also, an effect 
that it becomes possible to provide an electric field that 
reaches the recording medium P with stability is 
achieved. 

[0052] Also, as shown in FIG. 6B, in the Inkjet head 
shown in FIG. 6A, an elect rophoretic electrode 1 24 may 
be further arranged inside of the head substrate 112 at 
a position corresponding to arrangement of each indi- 
vidual electrode. To this electrophoretic electrode 124, 
a voltage level (around 400V, for instance) is constantly 
applied at the time of recording. Note that it is sufficient 
that the electrophoretic electrode 124 is arranged closer 
to the head substrate 1 1 2 side than the inkflow path 1 30. 
[0053] With this construction in which there are used 
the first drive electrode 118, the second drive electrode 
120, and the third drive electrode 142, it becomes pos- 
sible to reduce the drive voltage applied to each individ- 
ual electrode. In addition, with the electrophoretic elec- 
trode 124, the charged fine particle component is con- 
densed in proximity to the first to third drive electrodes, 
so that an effect, which is possible to control the ejection 
of the ink with efficiency while reducing the overall power 
consumption of the ink jet head, is produced. 
[0054] Hereinafter, the result of an ink ejection exper- 
iment actually conducted using an ink jet head accord- 
ing to the present invention will be described. 
[0055] The ink ejection experiment was conducted 
using an ink jet head 144 shown in FIG. 7. This ink jet 
head 144 has a construction where the electrophoretic 
electrode 124 is eliminated from the ink jet head 110 
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shown in FIGS, 1 A and 1B, and the second drive elec- 
trode 120 is arranged inside of the head substrate 112. 
The ink ejection experiment was conducted under a 
condition where the second drive electrode 1 20 was bi- 
ased to 400 V and the counter electrode was biased to 
-1.5 kV. 

[0056] It was confirmed that under the condition de- 
scribed above, ink was not ejected when the first drive 
electrode 1 1 8 was set as the ground level and was eject- 
ed when the first drive electrode 1 1 8 was set to the high- 
impedance state. That is, it was confirmed that it was 
principally possible to eject the Ink using the two-layered 
electrode structure of the present invention. 
[0057] Also, as to each of an ink jet head 146 shown 
in FIG. 8A according to the present invention and a con- 
ventional ink jet head 148 shown in FIG. 8B, the distri- 
bution of an electrostatic field in proximity to the tip por- 
tions of the ink guides 114 and 314 were analyzed 
through simulation. The ink jet head 146 has a construc- 
tion where the electrophoretic electrode 124 is further 
provided in the head substrate 112 of the ink jet head 
110 shown in FIGS. 1 A and 1B, and the ink jet head 148 
has a structure where the electrophoretic electrode 324 
is further provided in the head substrate 112 of the ink 
jet head 350 shown In FIG. 21 . 
[0058] When analyzing the electrostatic field distribu- 
tion, the voltage level of the counter electrodes 1 22 and 
322 were set to -1 .5 kV, and the voltage level of the elec- 
trophoretic electrodes 124 and 324 were set to 400 V. 
Also, in the ink jet head 146 according to the present 
invention, the voltage level of the second drive electrode 
1 20 was set to 600 V and the first drive electrode 1 1 8 
was switched between the high-impedance state and 
the ground level. On the other hand, in the conventional 
ink jet head 148, the drive electrode 352 was switched 
between 400 V and the ground, 
[0059] FIGS. 9A and 9B are graphs showing results 
of the analysis of the ink jet heads 146 and 148, respec- 
tively. In those graphs, the horizontal axis represents a 
distance (position) from the tip portions of the ink guides 
114 and 314 In a horizontal direction in the drawing, 
while the vertical axis represents electric field strength 
at each position of the tip portions of the ink guides 1 1 4 
and 314. Also, in these graphs, the solid line indicates 
a result of a relationship between the electric field 
strength and the distance at the time of ink ejection (op- 
eration), while the dotted line indicates a result of a re- 
lationship between the electric field strength and the dis- 
tance at the time of ink non-ejection (non-operation). 
[0060] The vertexes of two mountain portions in the 
graphs correspond to the positions of the vertexes of the 
triangular shape of the ink guides 114 and 314, As can 
be seen from these graphs, the width of the ink guide 
grooves 126 and 326 formed in the ink guides 114 and 
314 is around 40 um It can also be seen from these 
graphs that the electric field strength becomes the max- 
imum in each vertex portions of the triangular shape of 
the ink guides 114 and 314 and are reduced within the 



ink guide grooves 126 and 326 and outside of the vertex 
portions in accordance with an increase in the distance 
from the vertex portions. 

[0061] In addition, it was found that the ink jet head 

5 146 according to the present invention has approxi- 
mately the same characteristics as a conventional ink 
jet head 148 with regard to the electric field strength in 
the tip portions of the ink guides 114 and 314. That is, it 
was found that clearly different two states of the electric 

10 field strength were obtained at the time of ink ejection 
and ink non-ejection. Also from this fact, it can be said 
that it is possible to control the ink ejection/non-ejection 
In the Inkjet head 1 46 according to the present invention 
in the same manner as in the case of the conventional 

is Ink jet head 148. 

[0062] In other words, the most important point of the 
ink jet head 146 according to the present invention is 
that clearly different two states of the electric field 
strength are obtained at the time of ink ejection and ink 

20 non-ejection, as described above. Accordingly, it is suf- 
ficient that related parameters, such as the arrangement 
(positional relationship) of the first drive electrode 118 
and the second drive electrode 1 20, the bias voltage of 
the second drive electrode 120, the bias voltage of the 

25 counter electrode 122, the thickness of the insulating 
substrate 116, the shape of the ink guide 114, and the 
area of the ink guide groove 126, are determined as ap- 
propriate. 

[0063] Next, the present invention will be described 
30 based on another embodiment of the present invention. 
[0064] FIGS. 1 0A and 1 0B are respectively a concep- 
tual construction diagram and a schematic perspective 
view of an electrostatic ejection type ink jet head accord- 
ing to the embodiment of the present invention. The 
35 electrostatic ejection type ink jet head 21 0 shown in 
these drawings also records an image corresponding to 
image data on a recording medium P by ejecting ink con- 
taining a charged fine particle component, such as pig- 
ment, by means of an electrostatic force. The ink jet 
40 head 210 includes a head substrate 212, an ink guide 
214, an insulating substrate 216, a first drive electrode 
218, a second drive electrode 220, and a counter elec- 
trode 222. 

[0065] It should be noted here that also in FIGS. 1 0A 
45 and 1 0B, only one of individual electrodes constituting 
the ink jet head 210 Is illustrated. Although details are 
to be described later, the ink jet head of this embodiment 
includes multiple individual electrodes arranged in a 
two-dimensional manner. It is possible to construct an 
50 ink jet head including a line head or at least a part of a 
line head through the application of the present inven- 
tion. Also, the ink jet head of this embodiment is also 
ready for both of monochrome recording and color re- 
cording. 

55 [0066] In the ink jet head 210 of this embodiment, the 
ink guide 21 4 is arranged on the head substrate 21 2 for 
each individual electrode, and a slit serving as an ink 
guide groove 226 is formed in the center portion of the 
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ink guide 214 in a top-bottom direction in the drawings. 
Also, in the insulating substrate 216, a through hole 228 
is established at a position corresponding to an arrange- 
ment of the ink guide 214. The ink guide 214 passes 
through the through hole 228 established in the insulat- 5 
ing substrate 216 so that the tip portion thereof pro- 
trudes above the upper surface of the insulating sub- 
strate 216 in the drawing. 

[0067] The tip portion of the ink guide 214 is also 
formed to an approximately triangular shape (or a trap- 
ezoidal shape) that is gradually narrowed toward the 
counter electrode 222 side, and a metal is evaporated 
onto the extreme tip portion thereof from which the ink 
is to be ejected. Although this metal evaporation is not 
indispensable but preferable because the dielectric con- 
stant in the extreme tip portion of the ink guide 214 be- 
comes substantially infinite, and an effect, which is easy 
to cause a strong electric field, is produced. Note that 
the shape of the ink guide 214 may be changed as ap- 
propriate. 

[0068] The head substrate 21 2 and the insulating sub- 
strate 216 are arranged with a predetermined space 
therebetween, and an ink flow path 230 is formed be- 
tween the substrates 212 and 216. Also, the counter 
electrode 222 is arranged at a position opposing the tip 
portion of the ink guide 214, and a recording medium P 
is placed on the lower surface of the counter electrode 
222 in the drawing. At the time of recording, the counter 
electrode 222 is constantly biased to a negative voltage 
level having an opposite polarity of the high voltage ap- 
plied to the second drive electrode 220. 
[0069] Also, the first drive electrode 218 has a ring 
shape and is provided for each individual electrode on 
the upper surface of the insulating substrate 216 in the 
drawing so as to surround the periphery of the through 
hole 228 established in the insulating substrate 216, 
with multiple first drive electrodes 218 arranged on the 
same row in a row direction (main scanning direction) 
being connected to each other. On the other hand, the 
second drive electrode 220 has a ring shape and is pro- 
vided for each individual electrode on the lower surface 
of the insulating substrate 21 6 in the drawing so as to 
surround the periphery of the through hole 228 estab- 
lished in the insulating substrate 216, with multiple sec- 
ond drive electrodes 220 arranged on the same column 
in a column direction (auxiliary scanning direction) being 
connected to each other. 

[0070] In this embodiment, at the time of recording, 
only the first drive electrodes 21 8 on a specific row are 
set to the high-voltage level or under a high-impedance 
state (ON state), and the first drive electrodes 218 on 
each remaining row are driven to a ground level (OFF 
state). Also, the second drive electrodes 220 of all col- 
umns are driven to the high-voltage level or the ground 
level in accordance with the image data. Note that as 
another embodiment, the first drive electrodes 218 and 
the second drive electrodes 220 may be driven in an 
opposite manner. 



[0071] As described above, the first drive electrodes 
218 and the second drive electrodes 220 are arranged 
to form a matrix having a two-layered electrode struc- 
ture. By the first drive electrodes 218 and the second 
drive electrodes 220, ink ejection/non-ejection at re- 
spective individual electrodes is controlled. That is, 
when the first drive electrodes 218 are set to the high- 
voltage level or under the floating state and the second 
drive electrodes 220 are set to the high-voltage level, 
the ink will be ejected, and when either the first drive 
electrodes 218 or the second drive electrodes 220 are 
set to the ground level, the ink will not be ejected. 
[0072] FIG. 11 is an embodiment of a conceptual di- 
agram showing an arrangement of the first drive elec- 
trodes and the second drive electrodes. As shown in this 
drawing, when the ink jet head 210 includes 15 individ- 
ual electrodes, for instance, five out of fifteen individual 
electrodes (1 , 2, 3, 4, and 5) are arranged on each row 
in a main scanning direction and three individual elec- 
trodes (A, B, and C) are arranged on each column in an 
auxiliary scanning direction. At the time of recording, the 
five first drive electrodes 21 8 arranged on the same row 
are simultaneously driven to the same voltage level. In 
the same manner, the three second drive electrodes 220 
arranged on the same column are simultaneously driven 
to the same voltage level. 

[0073] In the Inkjet head 210 of this embodiment, the 
multiple individual electrodes are arranged in a two-di- 
mensional manner with reference to a row direction and 
a column direction. 

[0074] In the case of the ink jet head shown in FIG. 
1 1 , the five individual electrodes on the row A of the first 
drive electrodes 218 are arranged at predetermined in- 
tervals with reference to the row direction, as shown an 
example in FIG. 12. The same applies to the row B and 
the row C. Also, the five individual electrodes on the row 
B are spaced from the row A by a predetermined dis- 
tance in the column direction and are respectively ar- 
ranged between the five individual electrodes on the row 
A and the five Individual electrodes on the row C with 
reference to the row direction. In the same manner, the 
five individual electrodes on the row C are spaced from 
the row B by a predetermined distance in the column 
direction and are respectively arranged between the five 
drive electrodes on the row B and the five drive elec- 
trodes on the row A with reference to the row direction. 
[0075] The individual electrodes on each row of the 
first drive electrodes 218 are arranged so as to be dis- 
placed from the individual electrodes on other rows in 
the row direction, as described above. With this arrange- 
ment, one line to be recorded on the recording medium 
P is divided into three groups in the row direction. 
[0076] That is, one line to be recorded on the record- 
ing medium P is divided Into multiple groups, whose 
number is equal to the number of rows of the first drive 
electrodes 218, with reference to the row direction, and 
sequential recording is performed in a time-division 
manner. In the case of the arrangement shown in FIGS. 
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11 and 12, for instance, sequential recording is per- 
formed for the rows A, B, and C of the first drive elec- 
trodes 218, thereby recording one line of an image on 
the recording medium P. in this case, as described 
above, the one line to be recorded on the recording me- 
dium P is divided into three groups in the row direction 
and sequential recording is performed through time di- 
vision. 

[0077] Accordingly, in the matrix drive system adopt- 
ed in the present invention, division recording is per- 
formed with reference to the row direction, so that the 
recording speed is lowered in accordance with an in- 
crease in the number of rows of the first drive electrodes 
218. However, it becomes possible to reduce the 
number of drivers of the drive circuits, which provides 
an advantage that the implementation area is reduced. 
Also, although details are described later, with the 
present invention, it is also possible to appropriately de- 
termine the recording speed and the number of drivers 
as necessary, so that an advantage, which is possible 
to obtain the recording speed and implementation area 
of the drive circuit that are optimum for the system, is 
provided. 

[0078] it should be noted here that in the ink jet head 
210 of this embodiment, there is used a two-layered 
electrode structure formed by the first drive electrodes 
21 8 and the second drive electrodes 220. However, the 
present invention is not limited to this, and there may be 
used any other electrode structures so long as at least 
two layers are formed by the drive electrodes. 
[0079] The arrangement of the first drive electrodes 
21 8 and the second drive electrodes 220 is the same as 
the arrangement of the first drive electrodes 118 and the 
second drive electrode 1 20 in the ink jet head 1 1 0 shown 
in FIGS, 1Aand 1B. 

[0080] That is, the first drive electrodes 218 is re- 
quired to be arranged closer to the insulating substrate 
216 side than the ink flow path 230. Also, the second 
drive electrodes 220 is required to be arranged closer 
to the head substrate 212 than the first drive electrodes 
21 8. Note that in this embodiment, there may be appro- 
priateiy determined whether (i) the first drive electrodes 
21 8 perform driving in the row direction and the second 
drive electrodes 220 perform driving in the column di- 
rection or (ii) the first drive electrodes 218 perform the 
driving in the column direction and the second drive 
electrodes 220 perform the driving in the row direction. 
[0081] Also, an eiectrophoretic electrode, which is bi- 
ased to a voltage level having the same polarity as the 
fine particle component contained in the ink and ener- 
gizes the fine particle component toward the insulating 
substrate 216 side at the time of image recording, may 
be provided. This eiectrophoretic electrode needs to be 
arranged closer to the head substrate 21 2 side than the 
ink flow path 230. Also, it is preferable that the eiectro- 
phoretic electrode is arranged on the upstream side of 
the ink flow path 230 with reference to the position of 
the individual electrode. With this eiectrophoretic elec- 



trode, it becomes possible to maintain the fine particle 
component contained in ejected ink at a predetermined 
concentration. 

[0082] It should be noted here that the arrangements 
5 of the first drive electrodes 21 8, the second drive elec- 
trodes 220, and the eiectrophoretic electrode are not 
specifically limited so long as the mutual positional re- 
lationships described above are satisfied. For instance, 
the first drive electrodes 21 8 and the second drive elec- 
trodes 220 may be arranged on the upper surface and 
the lower surface of the insulating substrate 21 6 in the 
drawing, or both or either of the electrodes 21 8 and 220 
may be arranged inside of the insulating substrate 216. 
Also, the second drive electrodes 220 and the eiectro- 
phoretic electrode may be arranged on the upper sur- 
face or the lower surface of the head substrate 212 in 
the drawing or be arranged inside thereof. 
[0083] Next, there will be described a drive circuit for 
the first drive electrodes 218 and the second drive elec- 
trodes 220, 

[0084] FIG. 13 is an embodiment of a conceptual 
block diagram showing a construction of the drive circuit 
for the drive electrodes. The drive circuit 240 shown in 
the drawing controls the driving of the first drive elec- 
trodes 218 and the second drive electrodes 220, and 
includes an image memory 244, an image cutout unit 
246, a master clock generating unit 248, a main scan- 
ning address control unit 250, an auxiliary scanning line 
control unit 252, a line selector 254, a high-voltage pow- 
ersupply256, acolumn driver 258, and a row driver 260. 
[0085] In the drive circuit 240 of the illustrated exam- 
ple, the image memory 244 holds one page of image 
data supplied from an apparatus such as a personal 
computer (PC) 242. The image data outputted from the 
image memory 244 is supplied to the image cutout unit 
246. 

[0086] The master clock generating unit 248 gener- 
ates a master clock signal for controlling operation tim- 
ings inthe drive circuit240. The generated master clock 
signal Is supplied to the main scanning address control 
unit 250, the auxiliary scanning line control unit 252, and 
an auxiliary scanning drive unit 262, and these construc- 
tion elements operate in synchronization with the sup- 
plied master clock signal. 

[0087] The main scanning address control unit 250 
controls which column of the second drive electrodes 
220 in the main scanning direction is turned on (that is, 
to be set to the high-voltage level) and which column of 
the second drive electrodes 220 in the main scanning 
direction is turned off (that is, to be set to the ground 
level). Also, the auxiliary scanning line control unit 252 
controls which row of the first drive electrodes 21 8 in the 
auxiliary scanning direction is turned on (that is, to be 
set under the high-impedance state or at the high-volt- 
age level) and which row of the first drive electrodes 21 8 
in the auxiliary scanning direction is turned off (that is, 
to be set to the ground level). 

[0088] The above-mentioned main scanning address 
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control unit 250 and the auxiliary scanning line control 
unit 252 perform computation based on the arrange- 
ment state of each individual electrode, the relative mov- 
ing speed between the ink jet head 21 0 and the record- 
ing medium P, and the like. s 
[0089] The image cutout unit 246 reads, from the im- 
age memory 244, multiple pieces of image data corre- 
sponding to a row T to be turned on (that is, to be set 
to the high-voitage level or under the high-impedance 
state) by the row driver 260, based on results of the com- 
putation by the main scanning address control unit 250 
and the auxiliary scanning line control unit 252. The read 
multiple pieces of image data are supplied in parallel to 
the column driver 258 as column data. Due to this image 
data, the driving of the column of the second drive elec- 
trodes 220 corresponding to the row T is controlled. 
[0090] The auxiliary scanning line control unit 252 
performs control so that only one row is turned on at a 
time and all rows are turned on sequentially. Based on 
the result of the computation by the auxiliary scanning 
line control unit 252, a line selector 254 outputs multiple 
control signals for setting one row to be turned on at the 
high-voltage level or under the high-impedance state 
and setting all remaining rows to be turned off at the 
ground level. The multiple control signals are supplied 
to the row driver 260, and the driving of all rows of the 
first drive electrodes 21 8 are controlled by the supplied 
control signals. 

[0091] The high-voltage power supply 256 supplies 
the high-voltage level to the row driver 258 and the col- 
umn driver 260. Based on the image data supplied from 
the image cutout unit 246, the column driver 258 drives 
each corresponding second drive electrode 220 to ei- 
ther of the high -voltage level and the ground level. Also, 
based on the control signals supplied from the line se- 
lector 254, the row driver 260 sets one row to be turned 
on at the high-voltage level or underthe high-impedance 
state and drives all remaining rows to the ground level. 
[0092] Here, the auxiliary scanning drive unit 262 is 
also illustrated in FIG. 13. The Inkjet head 210 of this 
embodiment is a line head, and the auxiliary scanning 
drive unit 262 relatively moves the ink jet head 210 and 
the recording medium P in the column direction. 
[0093] it should be noted here that the circuit con- 
struction of the drivecircuit 240 is not specifically limited, 
and any circuit construction having the same function 
may be used. Also, the concrete circuit construction of 
each construction element of the drive circuit 240 shown 
in FIG. 13 is not specifically limited, and any circuit con- 
struction having the same function may be used. 
[0094] Next, there will be described the row driver 260 
showing an example. 

[0095] FIG. 1 4 is an embodiment of a conceptual con- 
struction diagram of the row driver. The row driver 260 
shown in this drawing has the same construction as the 
drive circuit 32 shown in FIG. 4 and includes an open- 
drain type FET (field-effect transistor) 234 and a resis- 
tive element 238. The drain of the FET 234 is connected 



to the first drive electrode 218, the source of it is con- 
nected to the ground, and the gate of it receives input 
of a control signal. Also, the resistive element 238 is con- 
nected between the control signal and the ground. 
[0096] In the row driver 260, the control signal is 
changed into the high level or the low level in accord- 
ance with the image data. When the control signal is set 
to the high level, the FET 234 is turned on, and the first 
drive electrode 218 becomes the ground level. On the 
other hand, when the control signal is set to the low level, 
the FET 234 is turned off, and the first drive electrode 
218 is placed under a high-Impedance (floating) state. 
That is, the first drive electrode 21 8 is switched between 
the ground level and the high-impedance state in ac- 
cordance with the control signal supplied from the above 
mentioned line selector 254. 

[0097] It should be noted here that the row driver 260 
is not limited to the construction of the illustrated exam- 
ple, and any circuit construction may be used so long 
as It is possible to switch the potential of the first drive 
electrode 218 between the ground level and the high- 
impedance state. Further, the FET 234 is used as a 
switching element in this embodiment, but the present 
invention is not limited to this, and it Is possible to use 
any conventionally known switching element such as a 
bipolar transistor. 

[0098] When the first drive electrodes 218 are 
switched between the high-voltage level and the ground 
level by the row driver 260, It is possible for the column 
driver 258 to use a circuit having the construction shown 
in FIG. 19, for instance. Also in this case, the driver is 
not limited to the driver of the illustrated example, and 
it is possible to use any circuit construction so long as 
it is possible to switch the first drive electrodes 21 8 and 
the second drive electrodes 220 between the ground 
level and the high-voltage level. 
[0099] Next, an operation of the ink jet head 21 0 of 
this embodiment will be described. Note that in the fol- 
lowing description, a case where the first drive elec- 
trodes 218 are switched between the ground level and 
the high-impedance state will be explained as an exam- 
ple. 

[0100] In the ink jet head 21 0 of this embodiment, at 
the time of recording, ink containing a fine particle com- 
ponent, such as a pigment, and charged to the same 
polarity as the high-voltage level applied to the second 
drive electrode 220 is circulated by a not-shown pump 
or the like in a direction from the right to the left inside 
of the ink flow path 230 in FIGS. 1 0A and 1 0B. 
[0101] As shown in FIG. 15A, even when the second 
drive electrodes 220 are set to a high-voltage level of 
600 V, for instance, the electric field strength in proximity 
to the tip portion of the ink guide 214 is low when the 
first drive electrode 21 8 Is set to the ground level, so that 
the ink will not fly out from the tip portion of the ink guide 
214. in this case, a part of the ink moves upward along 
the ink guide groove 226 formed in the ink guide 214 
due to capillary action until above the lower surface of 
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the insulating substrate 216 in the drawing. 
[0102] On the other hand, when the first drive elec- 
trode 21 8 is placed under the high-impedance state as 
shown in FIG. 15B, the electric field strength in proximity 
to the tip portion of the ink guide 214 is increased. At 5 
that time, the ink, which moved upward along the ink 
guide groove 226 of the ink guide 214 until above the 
lower surface of the insulating substrate 216 in FIGS. 
1 0A and 1 0B, flies out from the tip portion of the ink guide 
214 due to a repulsion force. The ink is then attracted 
to the counter electrode 222 biased to -1 .5 kV, for ex- 
ample, and adheres onto the recording medium P. 
[0103] As mentioned above, the ink jet head 21 0 and 
the recording medium P placed on the counter electrode 
222 are relatively moved, thereby recording an image 
corresponding to image data on the recording medium 
P. 

[0104] It should be noted here that almost the same 
operation is performed when the first drive electrodes 
21 8 are switched between the ground level and the high- 
voltage level. As described above, in the ink jet head 
210 of this embodiment, the ink is not ejected when ei- 
ther the first drive electrodes 218 or the second drive 
electrodes 220 are set to the ground level, and the ink 
is ejected only when the first drive electrodes 21 8 are 
set under the high-impedance state or at the high-volt- 
age level and the second drive electrodes 220 are set 
to the high-voltage level. 

[0105] That is, in the ink jet head 21 0 of this embodi- 
ment, it is important that clearly different two states of 
the electric field strength are obtained at the time of ink 
ejection and ink non-ejection. Accordingly, it is sufficient 
that related parameters, such as the arrangement (po- 
sitional relationship) of the first drive electrodes 21 8 and 
the second drive electrodes 220, the high voltage level 
applied to the first drive electrodes 21 8 and the second 
drive electrodes 220, the bias voltage of the counter 
electrode 222, the thickness of the insulating substrate 
21 6, the shape of the ink guide 214, and the area of the 
ink guide groove 226, are determined as appropriate. 
[0106] In the ink jet head 210 of this embodiment, 
when the first drive electrodes 218 are switched be- 
tween the high-impedance state and the ground level, 
the switching of the high voltage is not performed by the 
FET 234 at the time of recording, so that an advantage, 
which is not consumed a large electric power by the 
switching of the FET 234, is produced. Accordingly, 
when an ink jet head is required to perform high-defini- 
tion recording at high speed, it becomes possible to sig- 
nificantly reduce power consumption. 
[0107] Also, in the ink jet head 210 of this embodi- 
ment, the individual electrodes are arranged in a two- 
dimensional manner and matrix driving is performed, so 
that It becomes possible to significantly reduce the 
number of row drivers 260 and the number of column 
drivers 258. Further, it becomes possible to significantly 
reduce the implementation area and power consump- 
tion of the drive circuit 240. Also, it becomes possible to 



arrange the individual electrodes while maintaining rel- 
ative margins therebetween , so that it becomes possible 
to extremely reduce a danger that discharge may occur 
between the electrodes. As a result, it becomes possible 
to cope with both high-density implementation and high- 
voltage operation with safety. 

[0108] By the way, the recording speed and the 
number of drivers (implementation area) are generally 
in a mutually contradictory relationship. Accordingly, in 
the ink jet head 210 of this embodiment, although the 
reduction in the number of drivers contributes to the re- 
duction in the implementation area and power consump- 
tion, the recording speed is lowered in accordance with 
an increase in the number of rows of the first drive elec- 
trodes 21 8. In the above embodiment, in order to further 
increase the recording speed, it is required to increase 
the number of drivers, in this case, however, the imple- 
mentation area and power consumption are increased, 
as described above. 

[0109] When the individual electrodes are arranged 
in a two-dimensional manner and matrix driving is per- 
formed through the application of the present invention, 
if the row/column ratio in the arrangement of the individ- 
ual electrodes stands at "1 to 1" as in the case of the 
above embodiment, it becomes possible to minimize the 
number of drivers. In the case of the line head described 
in the "Description of the prior art" section that Includes 
12000 individual electrodes, for instance, the row/col- 
umn ratio in the arrangement of the electrodes stands 
at "1 to 1" and the Individual electrodes are arranged in 
a matrix shape with 1 1 0 rows and 1 1 0 columns, thereby 
minimizing the number of required drivers to 220. 
[0110] In contrast to this, by providing one driver for 
each drive electrode as in the conventional case, it be- 
comes possible to maximize the recording speed, al- 
though the line head including the 12000 individual elec- 
trodes needs to use 12000 drivers and the implementa- 
tion area and power consumption of the drive circuit are 
increased. As a result, there is not obtained a realistic 
system, as described above. Accordingly, it is preferable 
that the number of drivers is appropriately adjusted as 
necessary, and the recording speed and the implemen- 
tation area are optimizedin accordance with the system. 
[0111] When the individual electrodes are arranged 
in a two-dimensional manner and matrix driving is per- 
formed through the application of the present invention, 
in order to obtain recording speed which is faster than 
that in the case where the row/column ratio in the ar- 
rangement of the individual electrodes stands at "1 to 
1", it is preferable that the above embodiment is modi- 
fied so that the number of the individual electrodes ar- 
ranged on each row in the row direction is increased and 
the number of the individual electrodes arranged In the 
column direction is inversely decreased, it is also pref- 
erable that the rows of the first drive electrodes 21 8 are 
divided into multiple groups, each of which include one 
or multiple rows, thereby making it possible to perform 
simultaneous recording for these multiple groups. 
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[0112] The above arrangement with 110 rows and 110 
columns is changed to an arrangement with 
(110/4=around 28) rows and (110x4=440) columns, for 
instance. In that case, the number of individual elec- 
trodes on each row becomes "440". When the ink jet s 
head 210 of this embodiment is a line head that is ca- 
pable of recording an image on a recording medium P 
that is 10 inch in width, the pitch between the individual 
electrodes becomes around 500 u.m that is 1/4 of around 
2.3 mm, but the number of rows is reduced to around 
1/4, so that the recording speed is increased around 
four-fold. 

[0113] In the case of a simple drive system such as 
the conventional ink jet head in which each individual 
electrode is provided with one driverfor driving the elec- 
trode, it is required to route lines connecting respective 
individual electrodes to their corresponding drivers 
through spaces between the individual electrodes. Ac- 
cordingly, in the case of high-density implementation, 
there is a large danger that causes discharge between 
the individual electrodes. In contrast to this, in the case 
of the matrix drive system adopted in the present inven- 
tion, it is not required to route the lines through spaces 
between the individual electrodes, which provides an 
advantage in that any danger of discharge hardly caus- 
es. 

[0114] It should be noted here that In the above em- 
bodiment, the number of rows is reduced to 1/4 and the 
number of columns is increased four-fold, but the 
present invention is not limited to this, and it is preferable 
that the number of rows and the number of columns are 
appropriately changed as necessary. When the individ- 
ual electrodes in the column direction are sequentially 
driven by the second drive electrodes 220 and the indi- 
vidual electrodes In the row direction are driven by the 
first drive electrodes 21 8 in accordance with image data 
in contrast to the aforementioned case, for instance, it 
is preferable that the number of rows of the individual 
electrodes is set more than the number of columns 
thereof. 

[0115] Next, a case where the rows of the first drive 
electrodes 218 are divided into multiple groups will be 
described. When all the rows of the first drive electrodes 
21 8 are not divided and are dealt with as a single group, 
for instance, recording is possible only for one row of 
the first drive electrodes 218 at a time. When an Inkjet 
head includes eight rows A to H, and these eight rows 
A to H are dealt with as one group as shown in FIG. 1 6A, 
for instance, recording in units of rows is performed in 
order from the row A to the row H. 
[0116] In contrast to this, when the rows are divided 
into two groups, it becomes possible to perform record- 
ing on two rows of the first drive electrodes 21 8 at a time. 
When four rows A to D are set as a first group and four 
rows E to H are set as a second group as shown in FIG. 
1 6B, for instance, it becomes possible to perform re- 
cording on two rows A and E at the same time (a row 
"1 -1 to 5-1 " and a row "1-2 to 5-2" are driven at the same 



time). In the same manner, it is possible to perform re- 
cording on the rows B and F, the rows C and G, and the 
rows D and H at the same time. 
[0117] In that case, the rows of the first drive elec- 
trodes 218 are divided into two groups, so that the 
number of the column drivers is doubled, that is, the im- 
plementation area and power consumption of the drive 
circuit are doubled, but the recording speed can also be 
doubled. 

[01 18] Also, when the rows of the first drive electrodes 
are divided into four groups, it becomes possible to per- 
form recording on four rows at a time. When the rows A 
and B are set as a first group, the rows C and D are set 
as a second group, the rows E and F are set as a third 
group, and the rows G and H are set as a fourth group 
as shown in FIG. 1 6C, for instance, it becomes possible 
to perform recording on four rows A, C, E, G at the same 
time (a row "1 -1 to 5-1 ", a row "1 -2 to 5-2", a row "1 -3 to 
5-3", and a row "1 -4 to 5-4" are driven at the same time), 
in the same manner, it is possible to perform recording 
on the rows B, D, F, and H at the same time. 
[0119] In this case, the rows of the first drive elec- 
trodes 218 are divided into four groups, so that the 
number of column drivers is increased four-fold, but the 
recording speed is also increased four-fold. 
[0120] By dividing the rows of the first drive electrodes 
218 into multiple groups that each of the groups contain 
at least one row and performing simultaneous recording 
for the multiple groups in this manner, the recording 
speed is increased several-foid only by adding a small 
number of drivers. Note that the present invention is not 
limited to the above embodiments and the rows of the 
first drive elelctrodes 218 may be divided into any 
number of groups. 

[0121] Also, when the individual electrodes are ar- 
ranged at a high density, there happens a case where 
the electric field generated by each individual electrode 
is influenced by the state of its adjacent individual elec- 
trodes and the recording quality is adversely affected. 
[01 22] When the rows of the first drive electrodes 21 8 
constituting the upper layer (on the counter electrode 
222 side) are sequentially turned on and the second 
drive electrodes 220 constituting the lower layer (on the 
head substrate 212 side) are turned on/off in accord- 
ance with image data like in the above embodiment, for 
instance, the second drive electrodes 220 are driven in 
accordance with the image data, so that the individual 
electrodes on both sides of each individual electrode in 
the column direction frequently changes between the 
high-voltage level and the ground level, 
[0123] In the row direction, however, the first drive 
electrodes 21 8 are driven in units of rows, and the first 
drive electrodes 21 8 of the individual electrodes on both 
sides of each individual electrode in the row direction is 
constantly set to the ground level. Therefore, the rows 
of the individual electrodes on both sides play a role as 
a guard electrode. By sequentially turning on each row 
of the first drive electrodes 218 of the upper layer and 
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driving the second drive electrodes 220 of the lower lay- 
er in accordance with image data in this manner, it be- 
comes possible to eliminate an influence of adjacent In- 
dividual electrodes and to improve recording quality. 
[0124] On the other hand, it is also possible to se- s 
quentially drive the second drive electrodes 220 of the 
lower layer in units of columns and to drive the first drive 
electrodes 21 8 of the upper layer in accordance with im- 
age data. That is, the arrangement of the rows and col- 
umns maybe interchanged. In that case, it is preferable 
that a guard electrode 264 is provided in each space 
between the rows of the first drive electrodes 218, as 
shown in FIG. 17. With this construction, by biasing the 
guard electrode 264 to a predetermined guard potential 
(ground level, for instance) at the time of recording, it 
becomes possible to eliminate the influence of adjacent 
individual electrodes. 

[0125] Next, the present invention will be described 
based on further another embodiment. 
[0126] FIGS. 1 8A and 1 8B are respectively a concep- 
tual construction diagram and a schematic perspective 
view of an electrostatic ejection type ink jet head accord- 
ing to the embodiment of the present invention. The 
electrostatic ejection type ink jet head 211 shown in 
these drawings has a construction where the ink jet 
head 210 shown in FIGS. 10A and 10B is further pro- 
vided with a coating film 217 that coats the surfaces of 
the insulating substrate 21 6 and the second drive elec- 
trode 220. In the following description, the same con- 
struction elements as in the both embodiment are given 
the same reference numerals and the detailed descrip- 
tion thereof will be omitted. 

[0127] in the ink jet head 211, the through hole 228 is 
established at a position corresponding to an arrange- 
ment of the ink guide 214 so as to pass through the in- 
sulating substrate 21 6, the first drive electrode 218, the 
second drive electrode 220, and the coating film 217. 
The coating film 217 coats the second drive electrode 
220 that forms a step portion having a height equal to 
the thickness thereof on the ink flow path 230 side of the 
insulating substrate 21 6, and forms an Inner wall of the 
ink flow path 230 through which the ink flows. 
[0128] The ink jet head 21 1 according to this embod- 
iment performs fundamentally the same operation as 
the Inkjet head 210 shown in FIGS. 10A and 1 0B. How- 
ever, the inner wall of the ink flow path 230 formed In 
the manner described above has a surface smoothed 
by the coating film 21 7, so that ink turbulence, which is 
caused by the step portion formed by the second drive 
electrode 220, is prevented. As a result, it becomes pos- 
sible to eject the ink from the ink guide 21 4 with stability 
and to prevent accumulation of the ink in the step por- 
tion, 

[0129] That is, when the coating film 217 is not pro- 
vided, a step portion is formed between the insulating 
substrate 216 and the second drive electrode 220, so 
that turbulence occurs in the ink flowing through the ink 
flow path 230 and the charged fine particles contained 



in the ink are not efficiently guided to the tip portion of 
the ink guide 214. In contrast to this, with the construc- 
tion of this embodiment in which the coating film 217 is 
provided, a smooth surface of the inner wall is achieved 
by the coating film 21 7, so that it is possible to eliminate 
such a step portion that is a cause of the ink turbulence 
and becomes a location at which adhesion of the ink 
occurs. As a result, it becomes possible to eject the ink 
from the ink guide 214 with stability and to prevent the 
ink adhesion. 

[0130] By the way, the ink guide groove 226 of the ink 
guide 214 has a minute width of dozens of \i t so that 
adhesion of the fine particles of the ink easily occurs. 
Therefore, cleaning work is periodically conducted by 
pouring a cleaning agent called "ISOPER" into the ink 
flow path 230. The inner wall of the ink flow path 230 is 
smoothed by the coating film 21 7 as described above, 
so that also at the time of this cleaning work, it is possible 
to smoothly wash away an ink lump peeled off the inside 
wall of the ink flow path 230 by the cleaning agent. 
[0131] It should be noted here that it is preferable that 
the coating film 217 is an Si0 2 film or a polyimide film. 
Also , th e insulating substrate 21 6 may be a ceramic sub- 
strate made of alumina or zircon ia. Further, it Is prefer- 
able that the material of the coating film 217 and the 
material of the insulating substrate 21 6 are selected so 
that the specific inductive capacities thereof are identi- 
cal to each other. Note that as to the identical degree, it 
is not required that these specific inductive capacities 
are completely identical to each other so long as no sig- 
nificant influence is exerted on ejection characteristics. 
This is because if the specific inductive capacities are 
close to each other, unnecessary electric field concen- 
tration is also reduced. 

[0132] Further, it is preferable that the material of the 
coating film 217 and the material of the insulating sub- 
strate 21 6 are selected so that the linear expansion co- 
efficients thereof are identical to each other. Note that 
as to the identical degree, it is not required that these 
linear expansion coefficients are completely Identical to 
each other so long as a situation where the whole of the 
substrate is curved due to temperature fluctuations and 
the coating film 21 7 is not peeled off the insulating sub- 
strate 216. To prevent this peeling-off, it is preferable 
that a manufacture also considers a construction where 
a strongly adhesive layer is provided between the insu- 
lating substrate 216 and the coating film 217. 
[0133] Also, the specific inductive capacities and the 
linear expansion coefficients may be changed so as to 
be identical to each other using a ceramic substrate pro- 
duced by changing the composition , forming conditions, 
or sintering conditions of alumina or zirconia and using 
a coating film produced by mixing an impurity into the 
Si0 2 film or the polyimide film. 

[0134] As the impurity mixed Into alumina, it is possi- 
ble to use "MgO" that is effective to change the linear 
expansion coefficient, for instance. Also, as the impurity 
mixed into zirconia, it is possible to use "C" that is effec- 
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tive to change the specific inductive capacity. Further, 
in order to change the linear expansion coefficient, it is 
effective to change the forming pressure and the sinter- 
ing conditions (temperature and period of time). 
[0135] Also, as the impurity mixed into Si0 2 , it is pos- 5 
sible to use H Ti0 2 , AL 2 0 3 H that are effective to change 
the specific inductive capacity and to use "Na, B M that 
are effective to change the linear expansion coefficient. 
As the impurity mixed into polyimide, it is possible to use 
fillers (glass fibers, barium titanate) having different di- 
electric constants to thereby change the specific induc- 
tive capacity. It is also preferable that an inorganic filler, 
such as glass, is mixed in order to change the linear ex- 
pansion coefficient. 

[0136] Also, with a ceramic substrate made of 
"SEICERAM RZ601 M commercially available from Sum- 
itomo Electric Industries, Ltd. and a coating film made 
of "Kapton™" (polyimide) commercially available from 
Du Pont Kabushiki Kaisha, it becomes possible to pro- 
duce an electrostatic ejection type Inkjet head having a 
preferable relationship between the specific inductive 
capacity and the linear expansion coefficient. Here, the 
"SEICERAM R2601" is 30 in specific inductive capacity 
and is 9.5 [ppm per degree centigrade] in linear expan- 
sion coefficient, while the "Kapton™" is 3.5 in specific 
inductive capacity and is 20 [ppm per degree centi- 
grade] in linear expansion coefficient 
[0137] Next, there will be described modifications of 
the Inkjet head 211 of this embodiment. 
[0138] FIG. 19 is a modification of a conceptual con- 
struction diagram of an electrostatic ejection type ink jet 
head 21 1 according to the present invention. The same 
construction elements as in the above embodiment are 
given the same reference numerals. Also, a description 
other than characteristics of this modification is the 
same as those described above, so that the description 
thereof will be omitted. 

[0139] The electrostatic ejection type ink jet head 
211b of this modification further includes a fluorine film 
21 9 laminated on the coating film 21 7 coating the insu- 
lating substrate 21 6 and the second drive electrode 220. 
This fluorine film 21 9 is made of fluorine having ink re- 
peliency and coats the inner wall of the ink flow path 
230, so that it becomes possible to prevent sticking of 
the ink to the inner wall surface. Also, this fluorine film 
21 9 is laminated on a smooth surface obtained by coat- 
ing the second drive electrode 220 with the coating film 
21 7, so that the smooth inner wall surface of the inkfiow 
path 230 is further given ink repellency. 
[0140] FIG. 20 is another modification of a conceptual 
construction diagram of an electrostatic ejection type ink 
jet head according to the present invention. The same 
construction elements as in the above modification are 
given the same reference numerals. Also, a description 
other than characteristics of this modification is the 
same as those described above, so that the description 
thereof will be omitted. 

[0141] In the electrostatic ejection type ink jet head 



211c shown in FIG. 20, a coating film 217a that coats 
the insulating substrate 216 and the second drive elec- 
trode 220 and is provided in place of the aforementioned 
coating film 217, and a fluorine film 219a laminated on 
the coating film 217a and is provided in place of the 
aforementioned fluorine film 21 9. That is, in the above 
embodiment, the inner wall of the ink flow path 230 has 
a smooth surface. In this modification, however, the step 
portion formed by the second drive electrode 220 is 
coated with a streamlined surface, thereby preventing 
the ink turbulence and the ink sticking. 
[0142] The electrostatic ejection type ink jet head ac- 
cording to the present invention is fundamentally con- 
structed and operated in the manner described above. 
[0143] The electrostatic ejection type ink jet head ac- 
cording to the present invention has been described in 
detail above, but the present invention is not limited to 
the above embodiments, and as a matter of course, var- 
ious improvements and modifications are possible with- 
out departing from the scope of the present invention. 
[0144] As described in detail above, according to the 
present invention, switching to a high voltage is not per- 
formed at the time of image recording, so that no large 
electric power is consumed by switching. As a result, It 
becomes possible to significantly reduce power con- 
sumption even in an Inkjet head that is required to per- 
form high-definition recording at high peed. Also, ac- 
cording to the present invention, even when individual 
electrodes and drive circuits are implemented at a phys- 
ically extremely high density, the advantage, which 
hardiy causes any danger of discharge and is possible 
to cope with both high-density implementation and high- 
voltage operation with safety, is provided. Further, ac- 
cording to the present invention, individual electrodes 
are arranged in a two-dimensional manner and matrix 
driving is performed, so that it become possible to sig- 
nificantly reduce the number of drivers and to signifi- 
cantly reduce the implementation area and power con- 
sumption of the drive circuit. Also, according to the 
present invention, by appropriately adjusting the num- 
bers of rows and columns of the matrix of the Individual 
electrodes or by dividing the individual electrodes In the 
row direction into multiple groups, it becomes possible 
to obtain an optimum recording speed and implementa- 
tion area. Also, according to the present invention, by 
providing a guard electrode, it becomes possible to elim- 
inate the influence of adjacent individual electrodes. 
[0145] Also, according to the present invention, a 
coating film, which coats a drive electrode provided on 
the inkfiow path side of an insulating substrate in prox- 
imity to an ink guide, is provided, so that it becomes pos- 
s ible to coat a step portion formed by the drive electrode 
with the coating film and to realize a smooth inner wail 
surface of the ink flow path. That is, the step portion is 
eliminated from the ink flow path. Therefore, ink turbu- 
lence due to the step portion is suppressed and adhe- 
sion of ink to the step portion is prevented. As a result, 
smooth flowing and smooth circulation of the ink through 
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the ink flow path in proximity to the ink guide are real- 
ized, which makes it possible to perform recording on a 
recording medium with stability. 



Claims 

1 . An electrostatic ejection type ink jet head that uses 
ink containing a charged fine particle component, 
controls ejection/non-ejection of the ink by means 10 
of an electrostatic force by applying a predeter- 
mined voltage to individual electrodes in accord- 
ance with image data, and records an image corre- 
sponding to the image data on a recording medium, 

the electrostatic ejection type ink jet head 15 
comprising: 

a head substrate; 

first drive electrodes provided for each of the 
individual electrodes; 20 
a second drive electrode provided commonly 
among all of the individual electrodes; 
ink guides arranged on the head substrate for 
each of the individual electrodes; and 
an insulating substrate in which through holes 25 
are established for each of the individual elec- 
trodes at a position corresponding to an ar- 
rangement of the ink guides, 

wherein the head substrate and the insulating 30 
substrate are arranged with a predetermined space 
therebetween, a flow path of the ink is formed be- 
tween the head substrate and the insulating sub- 
strate, the ink guides are passed through the 
through holes established in the insulating sub- 35 
strate, tip portion of the ink guides are protruded 
above a surface of the insulating substrate on a re- 
cording medium side, the first drive electrodes are 
arranged closer to the insulating substrate side than 
the flow path of the ink, and the second drive elec- *o 
trode is arranged closer to the head substrate side 
than the first drive electrodes, and 

at the time of recording of the image, ejection/ 
non-ejection of the ink is controlled by biasing the 
second drive electrode to a predetermined voltage 45 
level having the same polarity as the fine particle 
component contained in the ink and switching the 
first drive eiectrodes between a high-impedance 
state and a ground level in accordance with the im- 
age data. 50 

2. An electrostatic ejection type ink jet head according 
to claim 1 , further comprising an electrophoretic 
electrode provided commonly among ail of the indi- 
vidual electrodes and arranged closer to the head 55 
substrate side than the ink flow path, 

wherein the time of recording of the image, the 
electrophoretic electrode is biased to a predeter- 



mined voltage level having the same polarity as the 
fine particle component contained in the ink. 

3. An electrostatic ejection type ink jet head according 
to claim 1 or 2, further comprising a third drive elec- 
trode provided commonly among all of the individ- 
ual electrodes and arranged closerto the recording 
medium side than the first drive electrode, 

wherein at the time of recording of the image, 
the third drive electrode is biased to a predeter- 
mined voltage level having reversed polarity as the 
fine particle component contained in the ink. 

4. An electrostatic ejection type ink jet head that uses 
ink containing a charged fine particle component, 
controls ejection/non-ejection of the ink by means 
of an electrostatic force by applying a predeter- 
mined voltage to a plurality of individual electrodes 
arranged in a two-dimensional manner with refer- 
ence to a first direction and a second direction in 
accordance with image data, and records an image 
corresponding to the image data on a recording me- 
dium, 

the electrostatic ejection type ink jet head 
comprising: 

a head substrate; 

first drive electrodes and second drive elec- 
trodes provided for each of the individual elec- 
trodes to form a two-layered electrode struc- 
ture; 

ink guides arranged on the head substrate for 
each of the individual eiectrodes; and 
an insulating substrate in which through holes 
are established for each of the individual elec- 
trodes at a position corresponding to an ar- 
rangement of the ink guide, 

wherein the head substrate and the insulating 
substrate are arranged with a predetermined space 
therebetween, a flow path of the ink is formed be- 
tween the head substrate and the insulating sub- 
strate, the ink guides are passed through the 
through holes established in the insulating sub- 
strate, tip portion of the ink guides are protruded 
above a surface of the insulating substrate on a re- 
cording medium side, the first drive electrodes are 
arranged closerto the insulating substrate side than 
the flow path of the ink, the second drive electrodes 
are arranged closerto the head substrate than the 
first drive electrodes, the first drive electrodes on 
each line of the plurality of individual electrodes ar- 
ranged in the first direction are connected mutually, 
and the second drive electrodes on each line of the 
plurality of individual electrodes arranged in the 
second direction are connected mutually, and 

wherein the ejection/non-ejection of the ink at 
the time of recording of the image is controlled by 
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sequentially repeating one of an operation (i) in 
which the second drive electrodes on ail lines of the 
individual electrodes in the second direction are set 
to a high voltage level or a ground level in accord- 
ance with the image data under a state where the s 
first drive electrodes on one line of the individual 
electrodes in the first direction are set under a high- 
irnpedance state and the first drive electrodes on all 
remaining lines of the individual electrodes in the 
first direction are setto a ground level while sequen- 10 
tially changing the first drive electrodes on the line 
of the individual electrodes In the first direction that 
are set under the high-impedance state, and an op- 
eration (ii) in which the first drive electrodes on ali 
lines of the Individual electrodes in the first direction is 
are setto a high-voltage level or the ground level in 
accordance with the image data under a state 
where the second drive electrodes on one line of 
the individual electrodes in the second direction are 
set under the high-impedance state and the second 20 
drive electrodes on ali remaining lines of the Indi- 
vidual electrodes in the second direction are set to 
the ground level while sequentially changing the 
second drive electrodes on the line of the individual 
electrodes in the second direction that are set under 25 
the high-impedance state. 

5. An electrostatic ejection type ink jet head that uses 
ink containing a charged fine particle component, 
controls ejection/non-ejection of the ink by means 30 
of an electrostatic force by applying a predeter- 
mined voltage to a plurality of individual electrodes 
arranged in a two-dimensional manner with refer- 
ence to a first direction and a second direction in 
accordance with image data, and records an image 3s 
corresponding to the image data on a recording me- 
dium, 

the electrostatic ejection type ink jet head 
comprising: 

40 

a head substrate; 

first drive electrodes and second drive elec- 
trodes each provided for each of the individual 
electrodes to form a two-layered electrode 
structure; 45 
ink guides arranged on the head substrate for 
each of the individual electrodes; and 
an insulating substrate in which through holes 
are established for each of the individual elec- 
trodes at a position corresponding to an ar- so 
rangement of the ink guide, 

wherein the head substrate and the insulating 
substrate are arranged with a predetermined space 
therebetween, a flow path of the ink is formed be- 55 
tween the head substrate and the insulating sub- 
strate, the ink guides are passed through the 
through holes established in the insulating sub- 



strate, tip portion of the ink guides are protruded 
above a surface of the insulating substrate on a re- 
cording medium side, the first drive electrodes are 
arranged closer to the insulating substrate than the 
flow path of the ink, the second drive electrodes are 
arranged closer to the head substrate side than the 
first drive electrodes, the first drive electrodes on 
each line of the plurality of individual electrodes ar- 
ranged in the first direction are connected mutually, 
and the second drive electrodes on each line of the 
plurality of individual electrodes arranged in the 
second direction are connected mutually, and 

ejection/non-ejection of the ink at the time of 
recording of the image is controlled by sequentiaily 
repeating one of an operation (i) in which the sec- 
ond drive electrodes on all lines of the individual 
electrodes in the second direction are turned on or 
off in accordance with the image data under a state 
where the first drive electrodes on one line of the 
individual electrodes in the first direction are turned 
on and the first drive electrodes on all remaining 
lines of the individual electrodes in the first direction 
are turned off while sequentially changing the first 
drive electrodes on the line of the individual elec- 
trodes in the first direction that are turned on, and 
an operation (II) in which the first drive electrodes 
on all lines of the individual electrodes in the first 
direction are turned on or off in accordance with the 
image data under a state where the second drive 
electrodes on one line of the individual electrodes 
in the second direction are turned on and the sec- 
ond drive electrodes on all remaining lines of the 
individual electrodes In the second direction are 
turned off while sequentially changing the second 
drive electrodes on the line of the individual elec- 
trodes in the second direction that are turned on, 
with the operation (i) being performed under a state 
where the individual electrodes are arranged so that 
the number of lines of the individual electrodes in 
the second direction is larger than the number of 
lines thereof in the first direction and the operation 
(ii) being performed under a state where the individ- 
ual electrodes are arranged so that the number of 
lines in the first direction is larger than a number of 
lines in the second direction. 

6. An electrostatic ejection type ink jet head that uses 
ink containing a charged fine particle component, 
controls ejection/non-ejection of the ink by means 
of an electrostatic force by applying a predeter- 
mined voltage to a plurality of individual electrodes 
arranged in a two-dimensional manner with refer- 
ence to a first direction and a second direction in 
accordance with image data, and records an image 
corresponding to the Image data on a recording me- 
dium, 

the electrostatic ejection type ink jet head 
comprising: 
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a head substrate; 

first drive electrodes and second drive elec- 
trodes each provided for each of the individual 
electrodes to form a two- layered electrode 
structure; 5 
ink guides arranged on the head substrate for 
each of the individual electrodes; and 
an insulating substrate in which through holes 
are established for each of the individual elec- 
trodes at a position corresponding to an ar- 10 
rangement of the ink guide, 

wherein the head substrate and the insulating 
substrate are arranged with a predetermined space 
therebetween, a flow path of the ink is formed be- 15 
tween the head substrate and the insulating sub- 
strate, the ink guides are passed through the 
through holes established in the insulating sub- 
strate, tip portion of the ink guides are protruded 
above a surface of the insulating substrate on a re- 20 
cording medium side, the first drive electrodes are 
arranged closer to the insulating substrate than the 
flow path of the ink, the second drive electrodes are 
arranged closer to the head substrate side than the 
first drive electrodes, the first drive electrodes on 25 
each line of the plurality of individual electrodes ar- 
ranged in the first direction are connected mutually, 
the second drive electrodes on the line of the plu- 
rality of individual electrodes arranged in the sec- 
ond direction are connected mutually, and the lines 30 
of the individual electrodes in the first direction are 
divided into a plurality of groups that each group 
contains at least one line, and 

ejection/non-ejection of the ink at the time of 
recording of the image is controlled by simultane- 35 
ously for the plurality of groups and sequentially re- 
peating one of an operation (i) in which the second 
drive electrodes on all lines of the individual elec- 
trodes in the second direction are turned on or off 
in accordance with the image data under a state 40 
where the first drive electrodes on one line of the 
individual electrodes in the first direction are turned 
on and the first drive electrodes on all remaining 
lines of the individual electrodes in the first direction 
are turned off while sequentially changing the first *5 
drive electrodes on the line of the individual elec- 
trodes in the first direction that are turned on, and 
an operation (ii) in which the first drive electrodes 
on all lines of the individual electrodes in the first 
direction are turned on or off in accordance with the so 
image data under a state where the second drive 
electrodes on one line of the individual electrodes 
in the second direction are turned on and the sec- 
ond drive electrodes on all remaining lines of the 
individual electrodes in the second direction are ss 
turned off while sequentially changing the second 
drive electrodes on the line of the individual elec- 
trodes in the second direction that are turned on, 



7. An electrostatic ejection type ink jet head according 
to claim 5 or 6, 

wherein the ejection/non-ejection of the ink at 
the time of recording of the image is controlled by 
sequentially repeating one of an operation (i) in 
which the second drive electrodes on all lines of the 
individual electrodes in the second direction are set 
to a high voltage level or a ground level in accord- 
ance with the image data under a state where the 
first drive electrodes on one line of the individual 
electrodes in the first direction are set under a high- 
impedance state and the first drive electrodes on all 
remaining lines of the individual electrodes in the 
first direction are set to a ground level while sequen- 
tially changing the first drive electrodes on the line 
of the individual electrodes in the first direction that 
are set under the high-impedance state, and an op- 
eration (ii) in which the first drive electrodes on alt 
lines of the individual electrodes in the first direction 
are set to a high-voltage level or the ground level in 
accordance with the image data under a state 
where the second drive electrodes on one line of 
the individual electrodes in the second direction are 
set under the high-impedance state and the second 
drive electrodes on all remaining lines of the indi- 
vidual electrodes in the second direction are set to 
the ground level while sequentially changing the 
second drive electrodes on the line of the individual 
electrodes in the second direction that are set under 
the high-impedance state. 

8. An electrostatic ejection type Inkjet head according 
to any one of claims 4 to 7, further comprising: 

guard electrodes that are provided between the 
lines of the first drive electrodes in the first di- 
rection and is biased to a predetermined certain 
voltage level at the time of recording of the im- 
age, 

wherein the ejection/non-ejection of the ink at 
the time of recording of the image is controlled by 
sequentially repeating one of an operation (i) in 
which the first drive electrodes on all lines of the in- 
dividual electrodes in the first direction are set to a 
high voltage level or a ground level in accordance 
with the image data under a state where the second 
drive electrodes on one line of the individual elec- 
trodes in the second direction are set under a high- 
impedance state and the second drive electrodes 
on all remaining lines of the individual electrodes in 
the second direction are at a ground level while se- 
quentially changing the second drive electrodes on 
the line of the individual electrodes in the second 
direction that are set under the high-impedance 
state, and an operation (ii) in which the first drive 
electrodes on ail lines of the individual electrodes 
in the first direction are turned on or off in accord- 
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ance with the image data under a state where the along the second direction, 

second drive electrodes on one line of the individual 
electrodes in the second direction are turned on and 
the second drive electrodes on all remaining lines 
of the individual electrodes in the second direction s 
are turned off while sequentially changing the sec- 
ond drive electrodes on the line of the individual 
electrodes in the second direction that are turned 
on. 



10 



An electrostatic ejectjon type ink jet head that per- 
forms recording by ejecting ink containing charged 
fine particles by means of an electrostatic force, 
comprising: 



15 



a head substrate; 

an insulating substrate arranged so as to be 
spaced from the head substrate by a certain 
distance and forms an ink flow path in a space 
with the head substrate; 20 
an ink guide arranged on the head substrate so 
that tip portion thereof protrudes from a through 
hole established in the insulating substrate, 
and guides the ink flowing through the ink flow 
path from the ink flow path to the tip portion; 25 
a drive electrode provided for a part of an inner 
wall of the ink flow path side of the insulating 
substrate in proximity to the ink guide so as to 
surround a periphery of the ink guide, and is 
used to eject the ink gu ided to the tip portion of ' 30 
the ink guide by means of the electrostatic 
force; and 

a coating film coating the drive electrode and 
smoothing the inner wall of the ink flow path 
side. 35 



10. An electrostatic ejection type Inkjet head according 
to claim 9, 

wherein on a surface of the insulating sub- 
strate on an opposite side to the inner wall of the 40 
ink flow path side, another drive electrode used in 
combination with the drive electrode to eject the ink 
by means of the electrostatic force is provided in 
proximity to the ink guide so as to surround the pe- 
riphery of the ink guide. 45 

11. An electrostatic ejection type Inkjet head according 
to claim 10, 

wherein a plurality of sets of the ink guide, the 
through hole, the drive electrode, and the other so 
drive electrode are arranged in a two-dimensional 
manner along a first direction and a second direc- 
tion that is orthogonal to the first direction, 

wherein the drive electrodes of the plurality of 
sets are connected to each other through wiring ss 
along the first direction, and 

the other drive electrodes of the plurality of 
sets are connected to each other through wiring 
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